Introduction
============

Sports epidemiology has been increasingly recognized as a powerful tool for evaluating injury types, trends, and mechanisms, and for identifying potentially modifiable risk factors for sports injuries. Basketball is a popular sport, and professional basketball has been established in Japan (bj league) as well as the USA (National Basketball Association and Women's National Basketball Association). The lower extremities are the most commonly injured body area in basketball players, and a lateral ankle sprain is the most common diagnosis.[@b1-oajsm-6-001]--[@b3-oajsm-6-001] In particular, the incidence of game-related knee injuries is reportedly higher in female players than in male players.[@b1-oajsm-6-001]

Basketball is also popular among teenagers. The surveillance of sports injuries in junior Japanese athletes has clarified that the incidence (cases/100,000 athlete-years) of sports injuries among junior high school and high school athletes was relatively high (13,411) among basketball players, with rugby and judo athletes having higher incidences (29,204 and 16,592, respectively).[@b4-oajsm-6-001] In particular, the incidence of (cases/100,000 athlete-years) anterior cruciate ligament (ACL) injury was higher among female athletes than among male athletes (154 and 48, respectively),[@b4-oajsm-6-001] suggesting the presence of a sex-specific difference in ACL injury in young athletes, including basketball players.

Because sports injuries related to trauma are the most common subjects of analysis, sex-specific differences in sports injuries related to over-use have been less well clarified. The purpose of the present study was to investigate sex-specific differences in traumatic and over-use injuries sustained by basketball players.

Subjects and methods
====================

In our Sports Medicine Clinic, the age, sex, sports activities, sports injuries, and other personal data of athletes are thoroughly assessed by medical doctors (orthopedic surgeons). These data have been recorded and maintained in our computer system. According to our database, during the 20-year period between October 1991 and June 2011, 1,219 basketball players (age range: 8--39 years, 640 males and 579 females) consulted our sports medicine clinic; in total, 1,414 injuries in basketball players (729 injuries in males and 685 injuries in females) were recorded.

The proportions of common injuries caused by sport activities were investigated in basketball players, and sex-specific differences in the types of common injuries associated with playing basketball were clarified.

An unpaired Student's *t*-test was used to compare the ages of male and female basketball players. A Fisher's exact test was used to determine the significance of sex-specific differences in the types of injuries. The statistical analyses were performed using SPSS version 11.5J (SPSS Inc., Chicago, IL, USA). A significance level of *P*\<0.05 was used for all the comparisons.

Results
=======

Age of study subjects
---------------------

The mean age of all the patients was 19.6 years (range: 8--39 years). The mean age was slightly, but significantly, younger among females than among males (mean: 20.1 years for males, and 19.0 years for females).

[Table 1](#t1-oajsm-6-001){ref-type="table"} shows the age distribution of the sports injuries. The proportion of sports injuries in the 10--19-year-old age group was the greatest, followed by the 20--29-year-old and the 30--39-year-old age groups. The proportion of cases in the 10--19-year-old age group was significantly higher among females than among males (61.5% vs 49.9%), while that in the 30--39-year-old age group was significantly higher among males than among females (7.1% vs 2.5%).

Proportions of injury sites
---------------------------

[Table 2](#t2-oajsm-6-001){ref-type="table"} shows the common injury sites in basketball players. The most common injury site was the knee (male: 41.7%, female: 50.4%), followed by the foot and ankle (male: 24.8%, female: 23.8%), lower back (male: 11.8%, female: 11.4%), and upper extremity (male: 9.7%, female: 5.1%). There was a higher proportion of females than males presenting with a knee injury, and there was a higher proportion of males than females presenting with upper extremity injuries.

In particular, among all the age groups, a higher proportion of knee injury among female players and a higher proportion of upper extremity injury among male players were recognized in the 10--19-year-old age group.

Proportions of main injuries
----------------------------

### Knee injuries

[Figure 1](#f1-oajsm-6-001){ref-type="fig"} shows that the proportion of ACL injury was the highest (male: 30.3%, female: 48.7%), followed by meniscus injury (male: 13.2%, female: 9.6%), jumper's knee (patellar and femoral tendinitis) (male: 14.8%, female: 7.2%), and Osgood--Schlatter disease (male: 5.6%, female: 1.2%). There was a higher proportion of females than males presenting with ACL injury, and there was a higher proportion of males than females presenting with jumper's knee (patellar and femoral tendinopathy) and Osgood--Schlatter disease.

In particular, among all the age groups, a higher proportion of ACL injury in female players than in male players was recognized in the 10--19-year-old age group (45.9% vs 22.1%), while higher proportions of jumper's knee and Osgood-- Schlatter disease in males than in females were recognized in the 10--19-year-old age group (12.5% vs 1.8%) and the 20--29-year-old age group (14.6% vs 3.7%), respectively.

### Foot and ankle injuries

[Figure 2](#f2-oajsm-6-001){ref-type="fig"} shows that the proportion of ankle sprain was the highest (male: 58.0%, female: 64.4%), followed by stress fracture (male: 4.4%, female 7.4%) and traumatic fracture (male: 7.7%, female: 3.7%). No significant differences in the proportions of these injuries were observed between male and female players.

### Lower back injuries

[Figure 3](#f3-oajsm-6-001){ref-type="fig"} shows that the proportion of lumbar disk disease, except for lumbar disk herniation, was the highest (male: 32.6%, female: 46.2%), followed by spondylolysis (male: 16.3%, female: 10.3%) and lumbar disk herniation (male: 16.3%, female: 9.0%). No significant differences in the proportions of these injuries were observed between male and female players.

### Upper extremity injuries

[Figure 4](#f4-oajsm-6-001){ref-type="fig"} shows that the proportion of joint dislocation was the highest (male: 33.8%, female: 25.7%), followed by fracture (male: 22.5%, female: 11.4%) and ligament injury (male: 11.3%, female: 22.9%). No significant differences in the proportions of these injuries were observed between male and female players.

Discussion
==========

An observational study with a retrospective case-series design was conducted to investigate sex-specific differences in the types of injuries sustained by basketball players. The foci of the discussion are 1) the common and specific injuries in basketball players in our clinical practice, and 2) the sex-specific differences in the type of injuries sustained while participating in this sport.

According to our database, the most common injury site in basketball players (mean age: 19.6 years) was the knee, followed by the foot and ankle. The surveillance of sports injuries in Japanese junior athletes clarified that the most common injury site was the ankle, followed by the finger, head, and knee.[@b4-oajsm-6-001] Fong et al[@b5-oajsm-6-001] reported that the ankle was ranked as the most highly injured body site in basketball. In elite basketball players, a lateral ankle sprain is the most common diagnosis.[@b1-oajsm-6-001]--[@b3-oajsm-6-001] Although it is likely that ankle injuries are common among basketball players, there was a discrepancy with regard to the proportion of knee injuries. The high proportion of knee injury in the present study may be attributable to the large number of knee surgeons engaged in our sports medicine clinic. Another possibility is that many ankle-injured basketball players did not require or seek professional treatment,[@b6-oajsm-6-001] while athletes sustaining an ACL injury consulted experts. The lower extremities are certainly the most commonly injured body area in basketball players. The playing surface (a hard basketball court), which affects body weight loading on the lower extremity, and the repetitive actions of dashing, cutting, stopping, and jumping may increase the incidence of ankle and knee injuries in basketball players.

There was a higher proportion of female than male basketball players presenting with ACL injury (48.7% vs 30.3%). It is well known that the incidence of non-contact ACL injury is higher among female athletes than among male athletes.[@b7-oajsm-6-001] A video analysis study indicates a frontal plane "valgus collapse" mechanism for non-contact ACL injury in women.[@b8-oajsm-6-001] Non-contact ACL injuries often exhibit a common body posture that involves a valgus collapse of the knee joint, with the knee near full extension (between 0° and 30°) and an external tibial rotation with the foot planted during a deceleration maneuver.[@b9-oajsm-6-001],[@b10-oajsm-6-001] Dynamic valgus collapse is the most common ACL injury mechanism for female handball and basketball players.[@b9-oajsm-6-001],[@b11-oajsm-6-001] Female basketball players have a 5.3-times higher relative risk of valgus collapse during ACL injury, compared with male basketball players.[@b9-oajsm-6-001] According to an International Olympic Committee current concept, risk factors for female athletes suffering ACL injury include 1) being in the preovulatory phase of the menstrual cycle, compared with the postovulatory phase; 2) having a decreased intercondylar notch width on plain radiography; and 3) the development of an increased knee abduction moment (a valgus intersegmental torque) during impact onloading.[@b12-oajsm-6-001] Thus, sex hormones, dynamic neuromuscular imbalance, and anatomy may play a role in the increased risk of non-contact ACL injury in female athletes.[@b7-oajsm-6-001]

In the present study, among all the age groups, a higher proportion of ACL injury in female players was recognized in the 10--19-year-old age group. Sex differences exist in knee abduction during landing: female athletes land with a greater total valgus motion and a greater maximum valgus knee angle than male athletes.[@b13-oajsm-6-001] With the onset of puberty, marked changes in anatomy and posture occur in both males and females. Sex differences in femoral anteversion, the tibiofemoral angle, and the quadriceps angle emerge during puberty, with females maintaining a more inwardly rotated hip and valgus knee posture at full maturity.[@b14-oajsm-6-001] Thus, puberty-related increases in valgus knee angle and subsequently landing with greater valgus knee motion are considered to increase the risk of ACL injury in the 10--19-year-old age group of female basketball players.

There was a higher proportion of male than female basketball players presenting with Osgood--Schlatter disease and jumper's knee (patellar and femoral tendinopathy). Osgood--Schlatter disease was common among 10--12-year-old athletes, while jumper's knee was common among 20--29-year-old players. Patellar tendinopathy, or jumper's knee, is an injury that has a high prevalence in sports, especially those involving jumping, with reported prevalence of up to 45% and 32% in elite volleyball and basketball players, respectively.[@b15-oajsm-6-001] Generally, risk factors for patellar tendinopathy include body weight, body mass index, waist-to-hip ratio, leg-length difference, arch height of the foot, quadriceps flexibility, hamstring flexibility, quadriceps strength, and vertical jump performance;[@b16-oajsm-6-001] therefore, reducing body weight, increasing upper-leg flexibility and quadriceps strength, and the use of orthotics are suggested to be beneficial treatment options.[@b16-oajsm-6-001] In basketball players, the risk factors for patellar tendinopathy are reported to be age, playing at a national level, and being male.[@b17-oajsm-6-001] One possibility for the higher proportions of Osgood--Schlatter disease and jumper's knee among male basketball players in the present study may be a higher quadriceps muscle strength and tightness, resulting in the application of a greater traction force to the tibial tuberosity apophysis and patellar inferior and superior poles, compared with female basketball players.

The present study was not able to show differences in injuries during game vs practice and first vs recurrent injuries. Furthermore, because we did not record injury situations in our database, the mechanism of injury type among basketball players remains uncertain. It is known that the risk of injury during a game is higher than during practice.[@b18-oajsm-6-001]--[@b21-oajsm-6-001] Preseason-practice injury rates are reported to be higher than regular-season-practice injury rates.[@b21-oajsm-6-001] The rate of ankle injury is high among basketball players, and the strongest predictor of ankle injuries is a history of ankle injury.[@b6-oajsm-6-001] Recurrent ankle injury is associated with chronic ankle instability.[@b22-oajsm-6-001] The above information including the mechanism of injury type is important to emphasize proper training and optimize performance.

The present study was also not able to assess body size, position on the court, years of basketball participation, and levels of competition. Yeh et al[@b23-oajsm-6-001] reported that risk of meniscus tears was increased in players having a body mass index greater than 25 kg/m^2^. Vanderlei et al[@b24-oajsm-6-001] showed that the frequency of injury was highest among the shooting guards, followed by the centers and point guards, and that injuries were associated with weight among players. However, de Vries et al[@b25-oajsm-6-001] indicated that playing level (regional or national), years playing basketball or volleyball, average hours training per week, playing surface, training increase compared with last year, other sports, and average hours of other sports were not identified to increase the risk of developing patellar tendinopathy in basketball and volleyball players. Further studies are needed to clarify the association of the above factors with each major injury found in the present study.

The present study has several limitations. A local bias may exist in that our sports medicine clinic draws from a broad area and has specialists trained to differentiate between injuries. The sample sizes of male and female players and in age groups were not consistent so that the data obtained in the present study may not reflect the risk of injuries among male and female basketball players of various age groups accurately. Furthermore, it seems unlikely that all basketball players who sustained injury consult orthopedic surgeons in clinics. Finally, the present study may not be sufficient to assess the risk of injuries and sex differences in injuries, as it does not take into account activity participation rates.

In conclusion, according to our database, there was a higher proportion of female than male basketball players presenting with ACL injury, and there were higher proportions of male than female basketball players presenting with Osgood--Schlatter disease and jumper's knee. The present observational study, which had a retrospective case-series design, identified the most common injuries in basketball players, and revealed the existence of sex-specific differences in knee injuries sustained while participating in this sport.
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![Knee injuries.\
**Notes:** The graph shows the proportion of main injuries of the knee in male and female basketball players. The proportion of ACL injury was the highest, followed by meniscus injury, jumper's knee (patellar and femoral tendinitis), and Osgood-- Schlatter disease. There was a higher proportion of females than males presenting with ACL injury, and there was a higher proportion of males than females presenting with jumper's knee (patellar and femoral tendinopathy) and Osgood--Schlatter disease. \**P*\<0.05 male vs female (Fisher's exact test).\
**Abbreviation:** ACL, anterior cruciate ligament.](oajsm-6-001Fig1){#f1-oajsm-6-001}

![Foot and ankle injuries.\
**Notes:** The graph shows the proportion of main injuries of the foot and ankle in male and female basketball players. The proportion of ankle sprain was the highest, followed by stress fracture and traumatic fracture. No significant differences in the proportions of these injuries were observed between male and female players (Fisher's exact test).](oajsm-6-001Fig2){#f2-oajsm-6-001}

![Lower back injuries.\
**Notes:** The graph shows the proportion of main injuries of the lower back in male and female basketball players. The proportion of lumbar disc disease, except for lumbar disc herniation, was the highest, followed by spondylolysis and lumbar disc herniation. No significant differences in the proportions of these injuries were observed between male and female players (Fisher's exact test).](oajsm-6-001Fig3){#f3-oajsm-6-001}

![Upper extremity injuries.\
**Notes:** The graph shows the proportion of main injuries of the upper extremity in male and female basketball players. The proportion of joint dislocation was the highest (male: 33.8%, female: 25.7%), followed by fracture and ligament injury. No significant differences in the proportions of these injuries were observed between male and female players (Fisher's exact test).](oajsm-6-001Fig4){#f4-oajsm-6-001}

###### 

Age distribution of sports injuries

  Sex      \<10 years, n (%)   10--19 years, n (%)                                      20--29 years, n (%)   30--39 years, n (%)
  -------- ------------------- -------------------------------------------------------- --------------------- ------------------------------------------------------
  Male     0 (0)               364 (49.9)                                               313 (42.9)            52 (7.1)
  Female   2 (0.3)             421 (61.5)[\*](#tfn2-oajsm-6-001){ref-type="table-fn"}   245 (35.8)            17 (2.5)[\*](#tfn2-oajsm-6-001){ref-type="table-fn"}

**Notes:** The proportion of sports injuries in the 10--19-year-old age group was the greatest, followed by the 20--29-year-old and 30--39-year-old age groups. The proportion of cases in the 10--19-year-old age group was significantly higher in females than in males, while that in the 30--39-year-old group was significantly higher in males than in females.

*P*\<0.05 male vs female (Fisher's exact test).

###### 

Common injury sites according to age group

  Injury site       All (%)                                            10--19 years (%)                                   20--29 years (%)   30--39 years (%)
  ----------------- -------------------------------------------------- -------------------------------------------------- ------------------ ------------------
  Knee                                                                                                                                       
   Male             41.7                                               37.4                                               43.8               59.6
   Female           50.4[\*](#tfn4-oajsm-6-001){ref-type="table-fn"}   52.7[\*](#tfn4-oajsm-6-001){ref-type="table-fn"}   44.5               70.6
  Foot and ankle                                                                                                                             
   Male             24.8                                               26.4                                               24.3               17.3
   Female           23.8                                               21.9                                               28.2               11.8
  Lower back                                                                                                                                 
   Male             11.8                                               14.0                                               9.9                7.7
   Female           11.4                                               11.4                                               11.8               5.9
  Upper extremity                                                                                                                            
   Male             9.7                                                8.2                                                11.8               7.7
   Female           5.1[\*](#tfn4-oajsm-6-001){ref-type="table-fn"}    4.5[\*](#tfn4-oajsm-6-001){ref-type="table-fn"}    6.5                0.0

**Notes:** The most common injury site was the knee, followed by the foot and ankle, lower back, and upper extremity. There was a higher proportion of females than males presenting with a knee injury, and there was a higher proportion of males than females presenting with upper extremity injuries. Higher proportions of knee injury among female players and upper extremity injury among male players were recognized in the 10--19-year-old age group.

*P*\<0.05 male vs female (Fisher's exact test).
